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3.4.2 General Process Descriptions

General process descriptions for each type of process operation are described in the following

subsections.  The specific processing steps on individual process lines may differ from these

general descriptions as process operations will be tailored to the specific product being produced.

3.4.2.1 Fermentation

Most antibiotics and steroids are produced by the fermentation process, which involves three

basic steps:  inoculum and seed preparation, fermentation, and product recovery.  Production of a

fermentation pharmaceutical begins in the seed preparation step with spores from the plant master

stock.  The spores are activated with water, nutrients, and warmth; they are then propagated

through the use of agar plates, test tubes, and flasks until enough mass is produced for transfer to

the seed tank.  In some fermentations, a single seed tank may provide inoculum for several

fermentations.  In this type of operation, the seed tank is never emptied completely, so the

remaining seed serves as the inoculum for the next batch.  The seed tank is emptied, sterilized,

and reinoculated only when contamination occurs.

Fermentation is conventionally a large-scale batch process.  The fermentation step begins with a

water wash and steam sterilization of the fermenter vessel.  Sterilized nutrient raw materials in

water are then charged to the fermenter.  Microorganisms grown from seed to aid in the

fermentation process are transferred to the fermenter from the seed tank and fermentation begins. 

During fermentation, air is sparged into the batch and temperature is carefully controlled.  After a

period that may last from 12 hours to one week, the fermenter batch whole broth is ready for

filtration.  Filtration removes mycelia (i.e., remains of the microorganisms), leaving the filtered

aqueous broth containing product and residual nutrients that are ready to enter the product

recovery phase.  

There are three common methods of product recovery:  solvent extraction, direct precipitation,

and ion exchange or adsorption.  Solvent extraction is a recovery process in which an organic

solvent is used to remove the pharmaceutical product from the aqueous broth and form a more
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concentrated solution.  With subsequent extractions, the product is separated from any

contaminants.  Further removal of the product from the solvent can be done by either

precipitation, solvent evaporation, or further extraction processes.  Normally, solvents used for

product recovery are recovered and reused.  However, small portions left in the aqueous phase

during the solvent "cut" can appear in the plant's wastewater stream.  Based on information from

the Detailed Questionnaire, the solvents most often used in fermentation operations are acetone,

methanol, isopropanol, ethanol, amyl alcohol, and MIBK.  Table 3-5 lists solvents used in

fermentation operations. 

Direct precipitation using heavy metal precipitating agents is another common method of product

recovery.  The method involves first precipitating the product as a metal salt from the aqueous

broth, then filtering the broth, and finally extracting the product from the solid residues.  Copper

and zinc are priority pollutant metals known to be used in the precipitation process.(2)

Ion exchange or adsorption involves removal of the product from the broth, using solid materials

such as ion exchange resin, adsorptive resin, or activated carbon.  The product is recovered from

the solid phase using a solvent, then recovered from the solvent by evaporation.  

Occasionally, a fermentation batch becomes infested with a phage, a virus that attacks

microorganisms necessary to the fermentation process.  Phage infection is rare in a well-operated

plant, but when it occurs, the plant may discharge very large amounts of wastewater in a short

period of time because of the decontamination process.  Typically, the infested batch is discharged

early, and its nutrient pollutant concentration is higher than that of spent broth.  

Steam is the major sterilizing medium for most equipment.  However, detergents and

disinfectants, to the extent that they are used, can contribute to waste loads.  An example of a

commonly used chemical disinfectant is phenol, a priority pollutant.  Air pollution control

equipment sometimes installed to clean fermentation waste off-gas is another wastewater source. 

The air and gas vented from the fermenters usually contain odoriferous substances (e.g., oxides of

nitrogen and sulfur) and large quantities of carbon dioxide.  Treatment is often necessary to

deodorize the gas before release to the atmosphere.  Some plants use incineration methods; others
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Some solvents are also used to control the reaction temperature.  It is common practice in a

batch-type synthesis to select a solvent which is compatible with the reaction and which has a

boiling point the same as the desired reaction temperature.  Heat is then applied to the reaction

mass at a rate sufficient to keep the mixture boiling continuously.  Vapors that rise from the

reaction vessel are condensed, and the liquefied solvent is allowed to drain back into the reaction

vessel.  This refluxing prevents both overheating and overcooling of the reactor contents, and can

automatically compensate for variations in the rate of release or absorption of chemical energy.  

Many plants operate solvent recovery units that purify contaminated solvents for reuse.  These

units usually contain distillation columns, and may also include solvent/solvent extraction

operations in which a second solvent is used to separate impurities.  These operations may result

in aqueous wastes that contain residues fully or partially saturated with residual solvent.  

Wastewater is generally produced with each chemical modification that requires filling and

emptying the batch reactors.  This wastewater can contain unreacted raw materials, as well as

some solvents, along with a large number of compounds that differ due to the varied chemical

reactions performed (e.g., nitration, amination, halogenation, sulfonation, alkylation).  Chemical

synthesis effluent generally has a high BOD  and COD waste load.  The pollutants in chemical5

synthesis wastewater vary with respect to toxicity and biodegradability.  The production steps

may generate acids, bases, cyanides, metals, and other pollutants, while the waste process

solutions and vessel wash water may contain residual organic solvents.  Occasionally, chemical

synthesis wastewater is incompatible with biological treatment systems because it is too

concentrated or too toxic for the biomass in the treatment system.  Thus, it may be necessary to

equalize and/or chemically pretreat some chemical synthesis wastewater prior to biological

treatment.  

Primary sources of wastewater from chemical synthesis operations are:  1) process wastes such as

spent solvents, filtrates, and concentrates; 2) floor and equipment wash water; 3) pump seal

water; 4) wet scrubber wastewater; and 5) spills.  Wastewater from chemical synthesis plants can

be characterized as having high BOD , COD, and TSS concentrations; large flows; and extremely5

variable pH values, ranging from 1.0 to 11.0.  
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3.4.2.4 Mixing, Compounding, or Formulating

Pharmaceutically active ingredients are generally produced by batch processes in bulk form and

must be converted to dosage form for consumer use.  Common dosage forms for the consumer

market are tablets, capsules, liquids, and ointments.  In addition, active ingredients can also be

incorporated into patches and time release capsules.

Tablets are formed in a tablet press machine by blending the active ingredient, filler, and binder. 

The filler (e.g., starch, sugar) is required to dilute the active medicinal ingredient to the proper

concentration, and a binder (e.g., corn syrup or starch) is necessary to bind the tablet particles

together.  A lubricant (e.g., magnesium stearate) may be added for proper tablet machine

operation.  The dust generated during the mixing and tableting operation is collected and usually

recycled directly to the same batch, while broken tablets generally are collected and recycled to

the granulation operation in a subsequent lot.  Some tablets are coated by tumbling with a coating

material and then dried.  After the tablets have been coated and dried, they are sent to the

packaging unit where they are bottled.  Tablet-coating operations can be a significant source of air

emissions of solvents if solvent-based coatings are used, and can contribute solvents to the plant

wastewater if certain types of air pollution control equipment (wet scrubbers or activated carbon)

are used to capture solvent vapors from tablet-coating operations.  Wastewater from the wet

scrubber is likely to be sewered as is the condensate from the steam used to regenerate the

activated carbon.

The first step in capsule production is to form a hard gelatine shell.  The shells are produced by

machines that dip rows of rounded metal dowels into a molten gelatine solution, and then strip the

capsules from the dowels after the capsules have cooled and solidified.  Imperfect capsules are

remelted and reused, if possible, or sold for glue manufacture.  Most pharmaceutical companies

purchase empty capsules from a few specialty producers.  The active ingredient and filler are

mixed before being poured by machine into the empty gelatine capsules.  The filled capsules are

bottled and packaged.  As in tablet production, some dust is generated, which is recycled to the

production line.  Liquid preparations are formulated for injection or oral use.  In both cases, the

liquid active ingredient is first weighed and then dissolved in water.  Injectable solutions are
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bulk-sterilized by heat or filtration and then poured into sterilized bottles.  Oral liquid preparations

can be bottled directly without the sterilization steps.  Wastewater is generated by general cleanup

operations, spills, and breakage.   

Ointments are produced by blending an active ingredient(s) with an ointment base such as

polyethylene glycol.  The blended product is then poured into tubes by machine and packaged. 

Wastewater generated from these operations are all from equipment cleaning operations. 

The primary objective of mixing, compounding, or formulating operations is to convert the

manufactured products into a final, usable form.  The necessary production steps typically have

small wastewater flows because very few of the unit operations generate wastewater.  The

primary use of water is in the actual formulating process, where it is used for cooling and for

equipment and floor washing.  

Wastewater sources from mixing, compounding, or formulating operations are:  1) floor and

equipment wash water, 2) wet scrubbers, and 3) spills.  The use of water to clean out mixing

tanks can periodically flush dilute wastewaters of unusual composition into the plant sewer

system.  The washouts from mixing tanks may be used to prepare the master batches of the

pharmaceutical compounds and may contain inorganic salts, sugars, and syrup.  Other sources of

contaminated wastewater are dust and fumes from scrubbers, either in building ventilation systems

or on specific equipment.  In general, this wastewater is readily treatable by biological treatment

systems.  

An analysis of the pollutant information in the pharmaceutical manufacturing database shows that

wastewater from mixing, compounding, or formulating plants normally has low BOD , COD, and5

TSS concentrations; relatively small flows; and pH values of 6.0 to 8.0.  

3.4.3 Pharmaceutical Manufacturing Process Variability

The wastewater effluent flow and composition from a typical pharmaceutical manufacturing

facility can be highly variable.  Factors contributing to such variability are: 
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C Campaigning;
C Batch processing; and
C Wastewater commingling.

Because many pharmaceutical products are manufactured in campaigns, most wastewater is

generated during product changeover.  The process equipment must be cleaned out to avoid

product contamination.  The composition of the wastewater will vary according to the products

that were manufactured on that process line.

Pharmaceuticals are manufactured by batch and continuous manufacturing operations.  Batch-type

production is by far the most common manufacturing technique, as presented in the production

operation breakdown in Table 3-8.  Many pharmaceutical facilities conduct multiple batch

operations, some in series and some concurrently.  Often several of the required batch processes

are performed at the same time in separate reactors, each with its own schedule.  Each batch may

have unique waste stream characteristics.  In fermentation operations, it can take a few days to

several weeks to complete the ferment, during which little or no wastewater is generated. 

However, during product recovery operations, high-volume, high-strength wastewaters are

generated.

It is also common practice in the pharmaceutical manufacturing industry to commingle organic-

contaminated wastewaters.  In many cases commingling is necessary to collect sufficient

wastewater volume to properly operate an economically sized treatment unit such as a steam

stripper.  Commingled wastes may be added to the treatment unit feed tank on a variable

schedule, thus altering the feed composition on a real-time basis.  In other cases, segregating for

purposes of recovery and treatment may be appropriate and cost effective.

A variety of solvents are used in the pharmaceutical manufacturing industry and end up in the

industry's wastewater.  Many solvents are process-specific and cannot be interchanged in other

pharmaceutical processes.  In addition, solvents must be approved by the FDA for each process.

FDA regulations require that before a change can be made to an approved process, industry must

meet the requirements of product purity and product efficacy as specified in the FDA approval. 
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Consequently, simplification of wastestream composition by chemical substitution to a common

solvent may not be possible or desirable.  Nonetheless, EPA has worked with the Food and Drug

Administration (FDA) to encourage pollution prevention in the final guidelines and standards. 

See 7.2.1.2 for a more detailed discussion of EPA and FDA efforts towards pollution prevention

in the pharmaceutical industry.

3.5 Trends in the Industry

The "Preliminary Data Summary for the Pharmaceutical Point Source Category" (22) gives a

snapshot of the pharmaceutical manufacturing industry in the late 1970s and the early 1980s.  By

comparing these pre-1986 sources to the data available in the 1989 Pharmaceutical Screener

Questionnaire and the 1990 Detailed Questionnaire, trends in the manufacturing process types

used by pharmaceutical manufacturing facilities, the treatment technologies used at

pharmaceutical manufacturing facilities, and the chemicals used in their manufacturing processes

were observed.  These trends are described in the following subsections.

3.5.1 Manufacturing Process Types

Since 1986, the number of pharmaceutical manufacturing facilities engaging in fermentation has

increased, while those engaging in biological or natural extraction has decreased.  These trends

are shown in the following table.

Type of Facility Process Prior to 1986 Process in 1989/1990
Percentage of Facilities Using Percentage of Facilities Using

Fermentation 7.8 14.5

Biological or Natural Extraction 17.0 14.5

Chemical Synthesis 29.3 30.3

Mixing, Compounding, or 80.0 80.0
Formulating

The total of the percentages is not 100 because any one facility may manufacture multiple process types.
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Table 3-5

Solvents Used in Fermentation Operations

Acetone n-Heptane

Acetonitrile n-Hexane

Ammonia (aqueous) Isopropanol

n-Amyl acetate Isopropyl acetate

Amyl alcohol Methanol

n-Butyl acetate Methyl cellosolve

n-Butyl alcohol Methylene chloride

Chloroform Methyl isobutyl ketone (MIBK)

N,N-Dimethylformamide Petroleum naphtha

Ethanol Phenol

Ethyl acetate Toluene

Formaldehyde Triethylamine



3-50

Table 3-6

Solvents Used in Biological or Natural Extraction Operations

Acetone Ethylene glycol

Acetonitrile Formaldehyde

Ammonia (aqueous) n-Heptane

n-Amyl acetate n-Hexane

Amyl alcohol Isopropanol

n-Butyl alcohol Isopropyl acetate

Chloroform Isopropyl ether

1,2-Dichloroethane Methanol

Diethylmine Methylene chloride

Diethyl ether Petroleum naphtha

N,N-Dimethylformamide Phenol 

Dimethyl sulfoxide n-Propanol

1,4-Dioxane Pyridine

Ethanol Tetrahydrofuran 

Ethyl acetate Toluene
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Table 3-7

Solvents Used in Chemical Synthesis Operations

Acetone Formaldehyde

Acetonitrile Formamide

Ammonia (aqueous) Furfural 

n-Amyl acetate n-Heptane

Amyl alcohol n-Hexane

Aniline Isobutyraldehyde

Benzene Isopropanol

2-Butanone (MEK) Isopropyl acetate

n-Butyl acetate Isopropyl ether

n-Butyl alcohol Methanol

Chlorobenzene Methylamine

Chloroform Methyl cellosolve

Chloromethane Methylene chloride

Cyclohexane Methyl formate

o-Dichlorobenzene (1,2-Dichlorobenzene) Methyl isobutyl ketone (MIBK)

1,2-Dichloroethane 2-Methylpyridine

Diethylamine Petroleum naphtha

Diethyl Ether Phenol

N,N-Dimethyl acetamide Polyethylene glycol 600

Dimethylamine n-Propanol

N,N-Dimethylaniline Pyridine

N,N-Dimethylformamide Tetrahydrofuran 

Dimethyl sulfoxide Toluene

1,4-Dioxane Trichlorofluoromethane

Ethanol Triethlyamine

Ethyl acetate Xylenes

Ethylene glycol 
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Table 3-8

Production Operation Breakdown(a)

Type of Operation OperationTotalFermentation Extraction Synthesis Formulating

Number of Operations

Percent ofMixing/
TotalBiological Chemical Compounding/

Manufacturing Processes

Batch 309 189 1,059 3,675 5,232 99

Continuous 16 1 16 8 41 1

Total Number of Operations 325 190 1,075 3,683 5,273 100

Percent of Total Operations 6 4 20 70 100

Percent of Subcategory Operations which are 95 99 99 100 99
Batch

(a)  Production data obtained from 244 facilities responding to the Detailed Questionnaire.
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Table 3-9

Trends in Treatment Technologies Used
at Pharmaceutical Manufacturing Facilities(a)

Treatment Technology Technology Prior to 1986 Technology in 1989/1990

Percentage of Facilities Using Percentage of Facilities Using
This Type of Treatment This Type of Treatment

Neutralization 26.0 44.3

Equalization 20.1 28.6

Activated sludge 16.9 20.5

Settleable solids removal 13.3 NA

Primary sedimentation 12.0 NA

Aerated lagoon 7.5 4.9

Primary clarification 3.9 9.8

Chlorination 3.6 2.5

Polishing ponds 3.2 NA

Waste stabilization pond 2.9 2.5

Trickling filter 2.9 2.0

Multimedia filtration 2.3 6.1

Steam stripping 1.9 5.7

Evaporation 1.9 NA

Secondary clarification 1.6 20.9

Granular activated carbon 1.3 3.3

Oxidation 1.0 2.0

Dissolved air flotation 1.0 NA

pH adjustment NA 50.0

Phase separation NA 12.3

The total of the percentages is not 100 because any one facility may have multiple treatment technologies and some
facilities do not have treatment in place.

NA - Not available.

(a)  Data obtained from reference 22 and the responses to the Detailed Questionnaire.
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Table 6-1

Pollutants Which May be Present in Pharmaceutical Industry Wastewater

Conventional Pollutants Nonconventional Pollutants

BOD Oil & Grease Acetaldehyde5

pH Fecal Coliform Acetic acid
TSS Acetone

Priority Pollutants

Acrolein 4-Aminobiphenyl
Acrylonitrile Ammonia
Benzene n-Amyl acetate
Benzidine Amyl alcohol
Bromoform Aniline
Bromomethane Benzaldehyde
Chlorobenzene Benzotrichloride
Chloroethane Benzyl alcohol
Chloroform Benzyl chloride
Chloromethane Benzyl bromide
Cyanide Biphenyl
1,1-Dichloroethane Bis(chloromethyl)ether
1,2-Dichloroethane 2-Bromo-Propanoylbromide
1,1-Dichloroethene 2-Butanone (MEK)
1,2-Dichloropropane n-Butyl acetate
Ethylbenzene n-Butyl alcohol
Hexachlorocyclopentadiene tert-Butyl alcohol
Hexachloroethane sec-Butyl alcohol
Methylene chloride n-Butylamine
Nitrobenzene Carbon disulfide
2-Nitrophenol Catechol
4-Nitrophenol Chloroacetic acid
o-Dichlorobenzene 2-Chloroacetophenone
p-Dichlorobenzene 3-Chloro-4-Fluoroaniline
Phenol Chloromethyl methyl ether
1,1,2,2-Tetrachloroethane COD (Chemical Oxygen
Tetrachloromethane   Demand)
Toluene Cresol (Mixed)
1,1,1-Trichloroethane Cumene
Trichloroethylene Cyclohexane
1,1,2-Trichloroethane Cyclohexanone
Vinyl chloride Cyclopentanone

Acetonitrile
Acetophenone
Allyl chloride
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Nonconventional Pollutants (Continued)

Cyclohexylamine Iodomethane
1,2-Dibromoethane Isobutyraldehyde
1,2-trans-Dichloroethene Isopropyl ether
Diethylaniline Isopropanol
Diethyl ether Isopropyl acetate
Diethylamine Isobutyl alcohol
Diethyl carbonate Methanol
Diethyl-ortho formate Methyl cellosolve
Dimethylamine Methyl amine
1,1-Dimethylhydrazine Methyl formate
N,N-Dimethylacetamide 2-Methyl pyridine
N,N-Dimethylformamide 2-Methoxyaniline
N,N-Dimethylaniline Methyl methacrylate
Dimethylcarbamyl chloride Methyl-t-butyl-ether
Dimethyl sulfoxide Methylal
1,4-Dioxane Methyl isobutyl ketone (MIBK)
N-Dipropylamine N-Nitrosomorpholine
Epichlorohydrin n-Octane
Ethanol n-Pentane
Ethylene oxide Petroleum naphtha
Ethylamine Polethylene glycol 600
Ethyl bromide 1,3-Propane sulfone
Ethyl cellosolve n-Propanol
Ethyl acetate B-Propiolactone
Ethylene glycol Propionaldehyde
Ethyl cyanide 1,2-Propyleneimine
Formaldehyde Propylene oxide
Formamide Pyridine
Formic acid Styrene
Furfural Tetrachloroethene
Glycol ethers Tetrahydrofuran
n-Heptane Trichlorofluoromethane
2-Hexanone 2,4,5-Trichlorophenol
n-Hexane Triethylamine
Hydrazine Vinyl acetate
Iodoethane Xylenes
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Table 17-4

Pollutants to be Regulated Under PSES and PSNS

Pollutant Subcategories A and C Subcategories B and D

Priority Pollutants

Cyanide (a) X

Benzene X

Chlorobenzene X

Chloroform X

o-Dichlorobenzene (1,2- X
Dichlorobenzene)

1,2-Dichloroethane X

Methylene Chloride X X

Toluene X

Non-Conventional Pollutants

Acetone X X

Ammonia as N (b) X

n-Amyl Acetane X X

n-Butyl Acetate X

Diethylamine X

Ethyl Acetate X X

n-Heptane X

n-Hexane X

Isobutraldehyde X

Isopropyl Acetate X X

Isopropyl Ether X

Methyl Cellosolve X
Methyl Formate

Methyl isobutyl ketone (MIBK) X

Tetrahydrofuran X

Thethylamine X

Xylenes X
(a) EPA is only clarifying the monitoring point on the existing regulation.
(b) Ammonia is only regulated for indirect dischargers that discharge to non-nitrifying POTWs.
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Table 17-5

PSES and PSNS Effluent Limitations for Subcategory 
A and C Operations

Pollutant or Pollutant Property mg/L mg/L

PSES/PSNS for In-Plant Monitoring Points

Maximum for any 1 day Monthly Average

Cyanide (1) 33.5 9.4

(1) Cyanide effluent limit established in the 1983 final rule, applies to Subcategory A and C operations only.

Pollutant or Pollutant Property mg/L mg/L

PSES Effluent Limitations End-of-Pipe Monitoring Points

Maximum for any 1 day Monthly Average

Acetone 20.7 8.2

Ammonia as N (2) 84.1 29.4

n-Amyl Acetate 20.7 8.2

Benzene 3.0 0.6

n-Butyl Acetate 20.7 8.2

Chlorobenzene 3.0 0.7

Chloroform 0.1 0.03

o-Dichlorobenzene 20.7 8.2

1,2-Dichloroethane 20.7 8.2

Diethylamine 255.0 100.0

Ethyl Acetate 20.7 8.2

n-Heptane 3.0 0.7

n-Hexane 3.0 0.7

Isobutyraldehyde 20.7 8.2

Isopropyl Acetate 20.7 8.2

Isopropyl Ether 20.7 8.2

Methyl Cellosolve 275.0 59.7

Methylene Chloride 3.0 0.7

Methyl Formate 20.7 8.2

MIBK 20.7 8.2

Tetrahydrofuran 9.2 3.4

Toluene 0.3 0.1

Triethylamine 255.0 100.0

Xylenes 3.0 0.7

(2) Ammonia is only regulated for indirect dischargers that discharge to non-nitrifying POTWs.
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Table 17-6

PSES and PSNS Effluent Limitations for 
Subcategory B and D Operations

Pollutant or Pollutant Property
PSES Effluent Limitations End-of-Pipe Monitoring Point

Maximum for any 1 day mg/L Monthly Average mg/L

Acetone 20.7 8.2

n-Amyl Acetate 20.7 8.2

Ethyl Acetate 20.7 8.2

Isopropyl Acetate 20.7 8.2

Methylene Chloride 3.0 0.7
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Processing of Water Samples (Version 1.1, 4/03)

PROCESSING OF WATER SAMPLES—1

 WASTEWATER, PHARMACEUTICAL, 5.6.1.F 
AND ANTIBIOTIC COMPOUNDS

The USGS differentiates between samples collected for analysis 
of wastewater compounds and those collected for analysis of 
pharmaceutical and antibiotic compounds, based on the analyti-

cal schedule for the laboratory method.1 Currently, only the 
wastewater laboratory method for field-filtered samples 
(SH1433) is an approved, routine (production) method. (The 
unfiltered wastewater method LC 8033 also is available but 
requires a proposal for custom analysis.) At this time, analysis of 
samples for pharmaceutical and antibiotic compounds is con-
fined to research studies and is available only on a custom basis.

To collect and process surface-water and ground-water samples 
that will be analyzed for concentrations of wastewater, pharma-
ceutical, and antibiotic compounds, the standard USGS proce-
dures for collecting and filtering organic compounds are used 
(see NFM 4, 5.1, 5.2.2). However, special considerations related 
to personal safety and to sample contamination are required.

Samples collected for analysis of these compounds may be col-
lected directly from sources of raw or treated wastewater. 
Sources of wastewater include treated and untreated domestic 
sewage, leaking septic systems or sewer lines, sanitary sewer 
overflows, and runoff from animal feeding operations. Handling 
of such samples can expose personnel to pathogenic microor-
ganisms, and therefore requires strict adherence to safety 
protocols.

1The compounds included in a given laboratory schedule are subject to change
and should be checked when planning a sampling activity that involves
collecting data on wastewater,  pharmaceutical, or antibiotic compounds.
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2—PROCESSING OF WATER SAMPLES
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Samples collected for analysis of wastewater, pharmaceutical, 
and antibiotic compounds are susceptible to contamination 
because they are ubiquitous in daily use. To ensure sample 
integrity, field personnel should avoid contact with or con-
sumption of products that contain the compounds targeted 
for analysis, and must adhere scrupulously to equipment-
cleaning, equipment-handling, sample-processing, and sam-
ple-handling protocols.

� Adhere to safety protocols. The following precautions
must be followed by field personnel when collecting,
processing, or handling raw or treated wastewater samples
for analysis of wastewater, pharmaceutical, or antibiotic
compounds:

— Be familiar with the basic procedures to minimize 
exposure to and effects from contaminated water, as 
described in NFM 9.7.

— Receive proper immunizations before engaging in 
field activities and consult with your safety officer on 
this issue.

— Avoid direct contact with sewage and other types of 
wastewater and with equipment still contaminated 
through contact with the sample or source water.

— Avoid breathing in sewage and wastewater fumes or 
mist.

— Do not use workspace surfaces or equipment that have 
come into contact with polluted water until they have 
been decontaminated. Use only those decontamina-
tion procedures that are described below under “Pre-
vent sample contamination.”

CAUTION: Raw or treated wastewater
samples can contain microorganisms
harmful to human healthuse
safe handling protocols.
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Processing of Water Samples (Version 1.1, 4/03)

PROCESSING OF WATER SAMPLES—3

� Prevent sample contamination:

— On the day of sampling activities, avoid contact with 
or consumption of the products listed below. Where 
contact with or consumption of these products is 
unavoidable, the collection of field blanks is strongly 
recommended.

Wastewater compounds

• Soaps and detergents, including antibacterial 
cleansers

• DEET (active ingredient in most insect repellents)

• Fragrances (cologne, aftershave, perfume)

• Sunscreen

• Animal or human urine or excrement

• Caffeine (coffee, tea, colas)

• Tobacco

Pharmaceutical compounds

• Prescription drugs, medications, and hormonal 
substances

• Over-the-counter medications

• Selected human antibiotics

Antibiotics

• Human antibiotics

• Veterinary antibiotics

— Wear powderless nitrile laboratory gloves during sam-
pling and processing. Change to clean gloves with 
each change in activity or potential glove contamina-
tion.

— Avoid breathing directly over open samples/equip-
ment.

— Avoid direct contact between yourself (including 
clothing) and the sample, sampling device, and pro-
cessing equipment. Clothing is a source of detergents, 
fragrances, and fire retardants.
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— Thoroughly field rinse and seal in a plastic bag all 
reusable equipment that comes in contact with sewage 
until the equipment can be properly decontaminated 
and disinfected (NFM 3.2.2).

— Clean scrupulously all workspace surfaces that come 
into contact with sewageuse a non-antibacterial 

soap2 and water, followed by wiping all potentially 
contaminated sufaces with a clean, disposable isopro-
pyl alcohol (70-90 percent) pad. 

— Avoid any actions at the field site that result in the dis-
posal or release of wastewater and pharmaceutical 
substances.

� Implement quality control.  Quality-control samples are
a required, integral part of water-quality investigations.
As previously noted, samples for analysis of wastewater,
pharmaceutical, and antibiotic compounds are vulnerable
to contamination.

— Check your quality-control plan for instructions on 
the collection of field blanks and replicates for these 
sample types.  Although the specific type, number, 
and distribution of quality-control samples are deter-
mined by the design and data-quality requirements of 
the study (NFM 4.3), field blanks are processed more 
frequently for these samples than for most other sam-
ple types.

— When using a a custom analysis, consult with the lab-
oratory analysts for quality-control recommendations.

— Process an initial field blank to evaluate the potential 
for contamination associated with the field methods, 
materials used, and sampling environment. Distribute 
subsequent field blanks areally and temporally to 
meet data-quality requirements of the project.

— Use either pesticide- or VOC-grade blank water as the 
source solution for the field blanks.

2The laboratory analysis of wastewater includes triclosan, an active ingredient in most 
antibacterial soaps. Triclosan is also commonly found in some deodorants, 
toothpastes, mouthwashes, skin creams, lotions, laundry detergents, and dish soaps.
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— The analytical methods used for pharmaceuticals and 
antibiotics are currently unapproved and are available 
only on a cutsom basis for research projects. It is rea-
sonable to assume that blank water tested and certi-
fied contaminant free for approved organic 
constituent methods is an appropirate source solution 
for field blanks for these unapproved methods; how-
ever, a more rigorous approach would be to include a 
source solution blank as an integral part of the project 
quality-control plan.

— Process the field blanks in the same manner and under 
the same environmental conditions as the environ-
mental sample (NFM 4.3.1.B).

� When planning sampling activities that will result in a
request for a custom analysis:

— Contact the NWQL in Lakewood, Colorado, 
(http://nwql.usgs.gov/) before collecting any samples 
for unfiltered wastewater-compound analysis or 
pharmaceutical-compound analysis. 

—   Check One-Stop Shopping for supplies for
USGS projects.
.
. 

— Contact the Organic Geochemistry Laboratory 
in Lawrence, Kansas, 
(http://ks.water.usgs.gov/Kansas/reslab/) before 
collecting any samples for antibiotics that will be 
analyzed using this laboratory’s methods. 

Wastewater, pharmaceutical, and
antibiotic samples are vulnerable to

contamination and thus require rigorous
quality control, usually by processing

field and source-solution blanks.

icollies
Text Box
Replacement page, 11/19/2004
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To collect and process samples:

1. Order and assemble all equipment. Select sampling and 
processing equipment  made of fluorocarbon polymers, 
glass, aluminum, or stainless steel. Avoid equipment made 
of Tygon, polyethylene, or other plastics.

2. Clean equipment thoroughly before use, following the gen-
eral protocols for organic-compound samples described in 
NFM 3.2.2, but with the following caveats: 

• Use non-antibacterial detergents. 

• Take extra care to ensure that equipment is copiously 
rinsed with deionized water (DIW) after the detergent 
wash—detergents are a source of interference in the 
analysis of pharmaceutical compounds and may include 
a target analyte (triclosan) of the wastewater analytical 
method.

• Follow the DIW rinse with a methanol rinse. Collect the 
used methanol solution into an appropriate container for 
disposal.

• Do not clean or field-rinse the baked-glass sample bot-
tles obtained from OWQRL or another laboratory.

3. Collect and process the samples using methods appropriate 
for organic compounds, as described in NFM 4 and 5.2.2. 
Use laboratory-baked, brown (amber) glass sample bottles.

• For wastewater and pharmaceuticals being shipped to 
the NWQL for analysis, use 1-L GCC bottles. 

• For antibiotic samples being shipped to the OWQRL for 
analysis, use 1-L GCC bottles.

• For antibiotic samples being shipped to the Lawrence 
Organic Geochemistry Laboratory for analysis, use two 
125-mL baked-glass bottles with Teflon caps per sam-
ple.
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4. Label bottles with site ID (identifier), date, time, sample 
type (“filtered” or “unfiltered”), and laboratory code or 
schedule number. 

a. For samples being shipped to the NWQL:

• Wastewater, field-filtered – Label sample bottle 
“GCC–-SH 1433”

• Wastewater, raw – Label sample bottle “GCC–LC 
8033” (add this laboratory code to the Analytical Ser-
vices Request (ASR) form: currently this is a cus-
tom analysis)

• Pharmaceuticals – Label sample bottle “LC9003”

b. For antibiotic-analysis samples being shipped to the 
OWQRL – Label sample bottle “Antibiotics”

c. For antibiotic-analysis samples being shipped to 
Lawrence, Kansas – Label sample bottles “LC-AN”

5. If collecting wholewater samples for custom wastewater 
analysis – Fill the 1-L GCC bottle to the shoulder. 

6. When collecting filtered samples for wastewater, pharma-
ceutical, or antibiotic analyses – Filter the samples at the 
field site. 

• Pass samples through a 0.7-µm nominal pore-size glass 
microfiber plate filter (GF/F grade), following the proce-
dures for organic compounds described in NFM 5.2.2.A. 

• Fill the 1-L GCC or two 125-mL baked-glass bottles to 
the shoulder.

7. For samples collected from polluted water, decontaminate 
the exterior of bottles: 

a. Rinse bottles with copious amounts of water. 

b. Wipe each bottle with a clean, disposable isopropyl 
alcohol (70-90 percent) pad.

c. Rinse off each bottle with water.
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8. Keep the samples chilled to 4oC or less until they are pre-
pared for shipping.

9. After sample collection and processing, use a non-antibac-
terial soap and water to thoroughly clean any workspace 
surfaces that have come into contact with polluted water. 
Follow the cleaning by decontaminating the workspace 
with isopropyl alcohol. Do not use a bleach solution for 
decontamination of surfaces that come in contact with 
samples, since any bleach residue will degrade target 
analytes.

To ship the sample(s):

1. For raw or treated wastewater, use the following precau-
tions when packing and shipping, as these samples can pose 
a health hazard to field and laboratory personnel.

a. Decontaminate any sample bottles containing raw or 
treated wastewater as described in step 7 above.

b. Check bottle cap to ensure a tight closure.

c. Place each bottle inside a foam sleeve and then place 
bottles into a ziplock bag along with four 3M high-
capacity chemical sorbent pads (pads are available 
from Lab Safety and Supply at www.labsafety.com). 
Seal the bag.

d. Place the sealed bag inside two additional ziplock bags 
(a total of three bags) and seal each bag.

e. Clearly note in the "Login Comments" section of the 
ASR form "SAMPLE CONTAINS RAW OR 
TREATED SEWAGE. HANDLE WITH CARE." Sam-
pling staff or shipping staff should notify the laboratory 
login staff by telephone or e-mail of the expected deliv-
ery of these samples, in advance of their arrival at the 
lab.
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2. For all other samples,

a. Check that sample bottles are securely capped.

b. Check that sample bottles are correctly labeled and 
match the information shown on the ASR form.

c. Pack all samples in ice to maintain a temperature of or 
below 4°C without freezing, using standard procedures 
(NFM 5.5.3 - 5.5.4). Check that the ASR form has been 
properly sealed in doubled plastic bags and included 
with the samples.

3. Ship all samples to the laboratory via overnight delivery.




